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(54) SPST switch, SPDT switch, and communication apparatus using the SPDT switch 



(57) An SPST switch (10) having a small transmis- 
sion loss and a small power consumption is provided. 
The drain and the source of an FET (Q2) are connected 
to each other in series through an induction element 
(L4) and a capacitor element (C4), one terminal of the 
capacitor element (C4) is connected to a first terminal 

(2) , the other terminal is connected to a second terminal 

(3) , the gate of the FET (Q2) is connected to a control 
terminal (11), the capacitance of the capacitor element 
(C4) is made equal to the OFF capacitance of the FET 
(Q2), and the inductance of the induction element (L4) 
is set to be such a value that the induction element (L4) 
resonates at a signal frequency with the capacitor ele- 
ment (C4). 
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Description 

BACKGROUND O F THE INVENTION 

1. Field of the Invention 

[0001] The present invention generally relates to a 
single pole single throw (SPST) switch, a single pole 
double throw (SPDT) switch, and a communication 
apparatus using the SPDT switch and, more particu- 
larly, to an SPST switch, an SPDT switch, as an 
antenna switch of a mobile communication apparatus 
and a communication apparatus using these switches. 

2. Description of the Reiated Art 

[0002] With a recent tendency to reduce the power 
consumption of mobile communication apparatuses, 
reductions in transmission loss and power consumption 
are required for an antenna switch. 
[0003] FIG. 1 1 shows a circuit diagram of an SPST 
switch having a basic configuration which is disclosed in 
Japanese Unexamined Patent Publication No. 9- 
191268 as a conventional SPST (Single Pole Single 
Throw) switch (switch for connecting and disconnecting 
two terminals to each other). In FIG. 1 1 , an SPST switch 
1 includes a first terminal 2, a second terminal 3, a 
diode D1 connected between the first terminal 2 and the 
second terminal 3, an induction element L1 and a 
capacitor element C1 which are connected in series 
with each other and are connected in parallel with the 
diode D1 , and a capacitor element C2 connected in par- 
allel with the diode D1. 

[0004] In the SPST switch 1 arranged as described 
above, when a current flows in the diode D1 , the diode 
D1 is equivalent to a resistor having a small resistance 
(ON resistance) , the first terminal 2 and the second ter- 
minal 3 are almost directly connected to each other, and 
the SPST switch 1 is turned on. At this time, the induc- 
tion element L1 or the capacitor elements C1 and C2 do 
not adversely affect a signal passing through the SPST 
switch 1 . In contrast, when no current flows in the diode 
D1, the diode D1 is equivalent to a capacitor element 
having a small capacitance (OFF capacitance). How- 
ever, in this case, the diode D1 may resonate at a signal 
frequency which is a function of the OFF capacitance in 
parallel with the induction element L1 and the capacitor 
elements C1 and C2. An impedance between the first 
terminal 2 and the second terminal 3 becomes almost 
infinite, and the SPST switch 1 is turned off. In this man- 
ner, by controlling whether a current flows in the diode 
D1 or not, the switch 1 exhibits the characteristics of an 
SPST switch. 

[0005] FIG. 12 shows a circuit diagram of an SPST 
switch having a basic configuration which is disclosed 
as another conventional SPST switch in Japanese 
Unexamined Patent Publication No. 9-191268. The 
same reference numerals as in FIG. 11 denote the 



same parts or similar parts in FIG. 12, and a detailed 
description thereof will be omitted. In FIG. 12, an SPST 
switch 4 is arranged such that a first terminal 2 and a 
second terminal 3 are connected to each other in series 

5 through a diode D2 and an induction element L2, and a 
capacitor element C3 is connected in parallel to the 
diode D2 and the induction element L2. 
[0006] In the SPST switch 4 arranged as described 
above, when a current flows in the diode D2, the diode 

10 D2 can be almost neglected because the diode D2 is 
equivalent to a resistor having a small resistance (ON 
resistance). The induction element L2 and the capacitor 
element C3 are connected in parallel with each other 
between the first terminal 2 and the second terminal 3. 

15 When the values of the induction element L2 and the 
capacitor element C3 are set such that the induction 
element L2 and the capacitor element C3 resonate at a 
signal frequency, an impedance between the first termi- 
nal 2 and the second terminal 3 becomes almost infi- 

20 nite, and the SPST switch 4 is turned off. In contrast, 
when no current flows in the diode D2, the diode D2 is 
equivalent to a capacitor element having a small capac- 
itance (OFF capacitance) and the impedance of the 
path through the diode D2 and the induction element L2 

25 between the first terminal 2 and the second terminal 3 is 
high. However, when the capacitance of the capacitor 
element C3 is set to be a relatively large value, the 
impedance of the path through the capacitor element 
C3 is low, the first terminal 2 and the second terminal 3 

30 are almost directly connected to each other, and the 
SPST switch 4 is turned on. In this manner, the switch 4 
exhibits the characteristics of an SPST switch by con- 
trolling whether a current flows in the diode D2 or not. 
Note that the SPST switch 4 operates in reverse to the 

35 SPST switch 1 shown in FIG. 1 1 by controlling whether 
a current flows in the diode or not. 
[0007] % FIG. 13 shows a circuit diagram of an SPST 
switch having a basic configuration which is disclosed 
as still another conventional SPST switch in Japanese 

40 Unexamined Patent Publication No. 7-303001. The 
same reference numerals as in FIG. 11 denote the 
same parts or similar parts in FIG. 13, and a detailed 
description thereof will be omitted. In FIG. 13, an SPST 
switch 5 is arranged such that an induction element L3 

45 is connected to a first terminal 2 and a second terminal 
3, and a drain and a source of a FET Q1 are connected 
to both terminals of the induction element L3, respec- 
tively. In this case, the gate of the FET Q1 is connected 
to a control terminal 6. In FIG. 13, with respect to the 

so terminals of the FET Q1 , a symbol D is added to only 
the drain, while symbols at the source and the gate are 
omitted. 

[0008] In the SPST switch 5 arranged as described 
above, when the FET Q1 is in an ON state, the source- 
55 drain portion of the FET Q1 is equivalent to a resistor 
having a small resistance (ON resistance). For this rea- 
son, the first terminal 2 and the second terminal 3 are 
almost directly connected to each other through the 
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FET Q1 , and the SPST switch 5 is turned on. In con- 
trast, when the FET Q1 is in an OFF state, the source- 
drain portion of the FET Q1 is equivalent to a capacitor 
element having a small capacitance (OFF capacitance). 
In this case, when only the FET Q1 is connected 5 
between the first terminal 2 and the second terminal 3, 
the OFF capacitance of the FET Q1 operates to 
decrease the impedance between the first terminal 2 
and the second terminal 3. However, when the induction 
element.L3 is connected, it may resonate in parallel with 
the OFF capacitance of the FET Q1 at a signal fre- 
quency, the impedance between the first terminal 2 and 
the second terminal 3 can be made almost infinite, and 
the SPST switch 5 is turned off. In this manner, when 
the FET Q1 is turned on or off, the switch 5 exhibits the 
characteristics of an SPST switch. 
[0009] When two SPST switches described above 
are combined with each other, the combination can also 
be operated as an SPDT (Single Pole Double Throw) 
switch (switch having three terminals in which one 
(common) terminal may be connected to either one of 
the two remaining terminals) 

[0010] However, in the SPST switch 1 shown in 
FIG. 11, since the first terminal 2 and the second termi- 
nal 3 are connected to each other through the diode D1 
when the SPST switch 1 is in an ON state, a transmis- 
sion loss, although it is small, is disadvantageously gen- 
erated due to the ON resistance of the diode D1. In the 
SPST switch 4 shown in FIG. 12, since the first terminal 
2 and the second terminal 3 are connected to each 
other through the capacitor element C3 when the SPST 
switch 4 is in an ON state, a transmission loss is disad- 
vantageously generated due to the impedance of the 
capacitor element C3. In any one of the SPST switches 
1 and 4, a direct current must continuously flow in the 
switches 1 or 4 to turn the diode D1 or D2 on, and a rel- 
atively large power consumption is disadvantageously 
required. 

[001 1 ] Also in the SPST switch 5 shown in FIG. 1 3, 
since the first terminal 2 and the second terminal 3 are 
connected to each other through the FET Q1 when the 
SPST switch 5 is in an ON state, a transmission loss is 
disadvantageously generated due to the ON resistance 
of the FETQ1. 

[0012] As in an SPDT switch, using the SPST 
switches described above, the same problems as 
described above are exhibited. 

SUMMARY OF THE INVENTION 

[0013] The present invention has as an object to 
solve the above problems and to provide: (i) an SPST 
switch having a small transmission loss and a small 
power consumption, (ii) an SPDT switch, and (iii) a com- 
munication apparatus using the SPDT switch. 
[0014] In order to solve the above problems, an 
SPST switch according to an aspect of the present 
invention includes first and second terminals, a control 



terminal, a FET, an induction element, and a capacitor 
element. The drain and the source of the FET are con- 
nected to each other in series through the induction ele- 
ment and the capacitor element, one terminal of the 
capacitor element is connected to the first terminal, the 
other terminal is connected to the second terminal, the 
gate of the FET is connected to the control terminal, the 
capacitance of the capacitor element is made equal to 
the OFF capacitance of the FET, and the inductance of 
the induction element is set to be such a value that the 
induction element resonates at a signal frequency with 
the capacitor element. 

[0015] An SPDT switch according to a second 
aspect of the present invention includes first, second, 
and third terminals, first and second control terminals, 
first and second FETs, first and second induction ele- 
ments, and first and second capacitor elements. The 
drain and the source of the first FET are connected to 
each other in series through the first induction element 
and the first capacitor element, the gate of the first FET 
is connected to the first control terminal, the capaci- 
tance of the first capacitor element is equal to the OFF 
capacitance of the first FET, and the inductance of the 
first induction element is set to be such a value that the 
first induction element resonates at a signal frequency 
with the first capacitor element. The drain and the 
source of the second FET are connected to each other 
in series through the second induction element and the 
second capacitor element, the gate of the second FET 
is connected to the second control terminal, the capaci- 
tance of the second capacitor element is made equal to 
the OFF capacitance of the second FET, and the induct- 
ance of the second induction element is set to be such 
a value that the second induction element resonates at 
a signal frequency with the second capacitor element. 
One terminal of each of the first and second capacitor 
elements are connected to each other and to the first 
terminal, the other terminal of the first capacitor element 
is connected to the second terminal, and the other ter- 
minal of the second capacitor element is connected to 
the third terminal. 

[0016] An SPDT switch according to a third aspect 
of the present invention includes first, second, and third 
terminals, a control terminal, a FET, an induction ele- 
ment, a capacitor element, and a switch element having 
two signal terminals and a switching terminal. The 
switch element is turned on/off to be interlocked with an 
ON/OFF operation of the FET. The drain and the source 
of the FET are connected to each other in series 
through the induction element and the capacitor ele- 
ment, the gate of the FET is connected to the control 
terminal, the capacitance of the capacitor element is 
equal to the OFF capacitance of the FET, and the 
inductance of the induction element is set to be such a 
value that the induction element resonates at a signal 
frequency with the capacitor terminal. The switching ter- 
minal of the switch element is connected to the control 
terminal, one terminal of the capacitor element is con- 
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nected to the first terminal and the other terminal is con- 
nected to the second terminal, one of the two signal 
terminals of the switch element is connected to one ter- 
minal of the capacitor element and the other is con- 
nected to the third terminal. 5 
[0017] With the configuration described above, in 
an SPST switch and an SPDT switch according to the 
present invention, a transmission loss and a power con- 
sumption can be reduced. 

[0018] Also in a communication apparatus accord- 
ing to the present invention, reductions in transmission 
loss and power consumption can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] 

Fig. 1 is a circuit diagram showing an embodiment 
of an SPST switch according to the present inven- 
tion. 

Fig. 2 is a circuit diagram showing an equivalent cir- 
cuit in an OFF state of the SPST switch in FIG. 1 . 
Fig. 3 is a circuit diagram showing an equivalent cir- 
cuit in an ON state of the SPST switch in FIG. 1 . 
Fig. 4 is a circuit diagram showing another embodi- 
ment of an SPST switch according to the present 
invention. 

Fig. 5 is a graph showing transmission loss and iso- 
lation of the SPST switch in FIG. 4. 
FIG. 6 is a circuit diagram showing an embodiment 
of an SPDT switch according to the present inven- 
tion. 

FIG. 7 is a circuit diagram showing another embod- 
iment of an SPDT switch according to the present 
invention. 

FIG. 8 is a circuit diagram showing still another 
embodiment of an SPDT switch according to the 
present invention. 

FIG. 9 is a circuit diagram showing still another 
embodiment of an SPDT switch according to the 
present invention. 

FIG. 10 is a block diagram showing an embodiment 
of a communication apparatus according to the 
present invention. 

FIG. 1 1 is a circuit diagram showing a conventional 
SPST switch. 

FIG. 12 is a circuit diagram showing another con- 
ventional SPST switch. 

FIG. 13 is a circuit diagram showing still another 
conventional SPST switch. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0020] FIG. 1 shows an embodiment of an SPST 
switch according to the present invention. The same ref- 
erence numerals as in FIG. 1 1 denote the same parts or 
similar parts in FIG. 1. In FIG. 1, an SPST switch 10 



includes a first terminal 2, a second terminal 3, an FET 
Q2, an induction element L4, and a capacitor element 
C4. In this case, a drain and a source of the FET Q2 are 
connected to each other in series through the induction 
element L4 and the capacitor element C4, one terminal 
of the capacitor element C4 is connected to the first ter- 
minal 2, and the other terminal is connected to the sec- 
ond terminal 3. A gate of the FET Q2 is connected to a 
control terminal 1 1 . The capacitance of the capacitor 
element C4 is set to be equal to the value of a small 
capacitance (OFF capacitance Coff) between the drain 
and the source of the FET Q2 in an OFF state. The 
inductance of the induction element L4 is set such that 
the induction element L4 resonates at a signal fre- 
quency in parallel with the capacitor element C4, or the 
induction element L4 resonates at a signal frequency in 
series with the OFF capacitance Coff of the FET Q2. In 
FIG. 1, with respect to the terminals of the FET Q2, a 
symbol D is added to only the drain, and symbols at the 
source and the gate symbols are omitted. Similarly, in 
FIG. 2 and the subsequent drawings, source and gate 
symbols are omitted. 

[0021] In the SPST switch 10 arranged as 
described above, an equivalent circuit in an ON state of 
the FET Q2 and an equivalent circuit in an OFF state of 
the FET Q2 are shown in FIG. 2 and FIG. 3, respec- 
tively. When the FET Q2 is in an ON state, as shown in 
FIG. 2, the FET Q2 is equivalent to a resistor having a 
small resistance (ON resistance Ron) and can be 
almost neglected. For this reason, the first terminal 2 
and the second terminal 3 are connected in parallel to 
the induction element L4 and the capacitor element C4. 
Since the induction element L4 and the capacitor ele- 
ment C4 are resonated in parallel at a signal frequency, 
the impedance between the first terminal 2 and the sec- 
ond terminal 3 becomes almost infinite, and the SPST 
switch 10 is turned off. 

[0022] In contract to this, when the FET Q2 is in an 
OFF state, as shown in FIG. 3, the FET Q2 is equivalent 
to a capacitor element having a small capacitance (OFF 
capacitance Coff). Since the induction element L4 and 
the capacitance Coff of the FET Q2 resonate at a signal 
frequency in series with each other, the impedance 
between the first terminal 2 and the second terminal 3 
becomes almost zero, and the SPST switch 10 is turned 
on. At this time, the impedance of the capacitor element 
C4 does not adversely affect a signal passing through 
the SPST switch 10. 

[0023] In this manner, the SPST switch 10 can suf- 
ficiently reduce transmission loss since the impedance 
between the first terminal 2 and the second terminal 3 
becomes almost zero in an ON state. In contrast, since 
the impedance between the first terminal 2 and the sec- 
ond terminal 3 is almost infinite in an OFF state, isola- 
tion between the first terminal 2 and the second terminal 
3 can be increased. In addition, since the SPST switch 
10 is turned on in an OFF state of the FET Q2 to cause 
a signal to flow, the electric power of the signal which 
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can pass through the SPST switch 10 does not depend 
on the tolerable voltage property in the ON state of the 
FET Q2, and the SPST switch 10 allows relatively high 
electric power to pass therethrough. Furthermore, simi- 
larly, since the SPST switch 10 is turned on in an OFF 5 
state of the FET Q2 to cause a signal to flow, the signal 
is not easily affected by nonlinearity (distortion or the 
like of an output signal with respect to an input signal) 
occurring when a current flows in the drain-source por- 
tion of the FET Q2 in an ON state of the FET Q2, and 10 
the linearity of a passing signal can be maintained in the 
range of low electric power to high electric power. 
[0024] In the SPST switch 10 shown in FIG. 1, 
although the source of the FET Q2 is connected to the 
induction element L4, a configuration in which the drain 15 
and the source of the FET Q2 are switched connecting 
the drain of the FET Q2 to the induction element L4 may 
be employed. This option can be similarly applied to the 
subsequent embodiments. 

[0025] When the SPST switch 10 is implemented 20 
as an actual electronic part, a configuration in which an 
FET, an induction element, and a capacitor element are 
mounted on a circuit board as respective parts to be 
connected to each other may be employed, or a config- 
uration in which the SPST switch 10 is implemented as 25 
an integrated circuit (e.g., an MMIC) on one semicon- 
ductor substrate may be employed. Also, a configura- 
tion in which an integrated circuit obtained by integrating 
an active element such as a FET and a dielectric sub- 
strate having an induction element and a capacitor ele- 30 
ment formed thereon are combined with each other to 
be connected to each other may also be employed. In 
addition, a configuration in which respective FETs or 
integrated circuits obtained by integrating FETs are 
mounted on a laminated multi-layered substrate having 35 
„ an induction element or a capacitor element formed 
therein and are connected to each other may be 
employed. 

[0026] FIG. 4 shows another embodiment of an 
SPST switch according to the present invention. The 40 
same reference numerals as in FIG. 1 denote the same 
parts or similar parts in FIG. 4, and a detailed descrip- 
tion thereof will be omitted. In FIG. 4, in an SPST switch 
12, a DC-cut capacitor element C5 is connected 
between a first terminal 2 and the connection portion of 45 
the drain of a FET Q2 and the capacitor element C4. A 
DC-cut capacitor element C6 is connected between a 
second terminal 3 and the connection portion between 
an induction element L4 and the capacitor element C4. 
The drain of the FET Q2 is connected to a bias terminal so 
1 3 through a bias resistor Rbias. 
[0027] In the SPST switch 12 arranged as 
described above, a bias voltage is applied from the bias 
terminal 13 to the drain of the FET Q2. At this time, 
since the source of the FET Q2 is open in a DC manner, 55 
a direct current does not flow in the drain-source portion 
of the FET Q2, and the drain and the source of the FET 
Q2 are shifted up in a DC manner (kept at a positive 
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voltage higher than 0 V). For this reason, when a deple- 
tion-type FET is used as the FET Q2, the FET Q2 can 
be switched by switching a voltage applied to the gate 
between a positive voltage and 0 V, and the SPST 
switch 1 2 can be driven by a positive power source. In 
addition, since the FET is a voltage-driven element, a 
control current need not flow in the gate, so that a 
reduction in power consumption can be achieved. 
[0028] FIG. 5 shows a transmission loss (thr) and 
an isolation (iso) (transmission loss in an OFF state) of 
the SPST switch 12 shown in FIG. 4. A simulation using 
a depletion-type GaAs FET having a total gate width of 
600 u.m as the FET Q2, a capacitor having 0.2 pF 
almost equal to the OFF capacitance of the FET Q2 as 
the capacitor element C4, and an inductor L4 having 3.9 
nH set such that the inductor L4 resonates in parallel at 
a signal frequency of 5.8 GHz with the capacitor ele- 
ment C4 was performed. A bias voltage was set at 3 V, 
and a control voltage was switched between 0 V and 3 
V (positive power source driving) . As a result, the trans- 
mission loss (thr) obtained when the SPST switch 12 is 
turned on at a signal frequency of 5.8 GHz was -0.23 
dB, and the isolation obtained when the SPST switch 12 
is turned off was -25.8 dB. Therefore, it is understood 
that a transmission loss can be reduced to obtain high 
isolation. In addition, it is understood that the SPST 
switch 1 2 is operated by only one positive power source, 
although a depletion-type FET is used. 
[0029] FIG. 6 shows an embodiment of an SPDT 
switch according to the present invention. In FIG. 6, an 
SPDT switch 20 includes a first terminal 21 , a second 
terminal 22, a third terminal 23, a first FET Q3, a first 
induction element L5, a first capacitor element C7, a 
first control terminal 24, a second FET Q4, a second 
induction element L6, a second capacitor element C8, 
and a second control terminal 25. In this case, the drain 
and the source of the first FET Q3 are connected to 
each other in series with the first induction element L5 
and the first capacitor element C7, and one terminal of 
the first capacitor element C7 is connected to the sec- 
ond terminal 22. The drain and the source of the second 
FET Q4 are connected to each other in series through 
the second induction element L6 and the second capac- 
itor element C8, and one terminal of the second capac- 
itor element C8 is connected to the third terminal 23. In 
addition, the other terminal of the first capacitor element 
C7 (i.e., the drain of the first FET Q3) is connected to 
the other terminal (i.e., the drain of the second FET Q4) 
of the second capacitor element C8 and to the first ter- 
minal 21 . The gate of the first FET Q3 Is connected to 
the first control terminal 24, and the gate of the second 
FET Q4 is connected to the second control terminal 25. 
The capacitance of the first capacitor element C7 is set 
to be equal to the value of a small capacitance (OFF 
capacitance Coffl) of the drain-source portion of the 
first FET Q3 in an OFF state, and the inductance of the 
first induction element L5 is set such that the first induc- 
tion element L5 resonates at a signal frequency in par- 
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allel with the first capacitor element 01 or the first 
induction element L5 resonates in series with the OFF 
capacitance Coffl of the first FET Q3. In addition, the 
capacitance of the second capacitor element C8 is set 
to be equal to the value of a small capacitance (OFF 5 
capacitance Coff2) of the drain-source portion of the 
second FET Q4 in an OFF state, and the inductance of 
the second induction element L6 is set such that the 
second induction element L6 resonates at a signal fre- 
quency in parallel with the second capacitor element C8 
or resonates in series with the OFF capacitance Coff2 
of the second FET Q4. 

[0030] Since the combination of the first FET Q3, 
the induction element L5, and the capacitor element C7 
and the combination of the second FET Q4, the induc- 
tion element L6, and the capacitor element C8 have 
basically the same configuration as that of the SPST 
switch 10 shown in FIG. 1, the combinations are called 
an SPST section 26 and an SPST. section 27, respec- 
tively. More specifically, it is understood that the SPDT 
switch 20 has a configuration in which two SPST sec- 
tions 26, 27 each having the same configuration as that 
of the SPST switch 10 are connected to each other. 
[0031] In the SPDT switch 20 as described above, 
the operation of each SPST section is the same as that 
of the SPST switch 10 shown in FIG. 1, and a detailed 
description thereof will be omitted. However, when the 
SPST section 26 and the SPST section 27 are alter- 
nately turned on and off, a state in which the first termi- 
nal 21 and the second terminal 22 are connected to 
each other or a state in which the first terminal 21 and 
the third terminal 23 are connected to each other is 
achieved, and the switch 20 exhibits the characteristics 
of an SPDT switch. As is apparent from the fact that the 
SPST section having the same configuration as that of 
the SPST switch 10 shown in FIG. 1 is used, the SPDT 
switch 20 has a small transmission loss and a large iso- 
lation, can withstand relatively high electric power, and 
can maintain the linearity of the signal up to high electric 
power. 

[0032] FIG. 7 shows another embodiment of an 
SPDT switch according to the present invention. The 
same reference numerals as in FIG. 4 and 6 denote the 
same parts or similar parts in FIG. 7, and a detailed 
description thereof will be omitted. In FIG. 7, in an 
SPDT switch 28, a DC-cut capacitor element C9 is con- 
nected between a second terminal 22 and the connec- 
tion portion between an induction element L5 and a 
capacitor element C7, a DC-cut capacitor element C10 
is connected between a third terminal 23 and the con- 
nection portion between an induction element L6 and a 
capacitor element C8, and a DC-cut capacitor element 
C1 1 is connected between a first terminal 21 and the 
connection portion between the drain of a first FET Q3 
and the drain of a second FET Q4. The drain of the first 
FET Q3 and the drain of the second FET Q4 are con- 
nected to a bias terminal 29 through a bias resistor 
Rbias. 



[0033] In the SPDT switch 28 as described above, 
the sources of the first FET Q3 and the second FET Q4 
are open (in a DC manner), and a direct current does 
not flow in the drain-source portions of the first FET Q3 
and the second FET Q4. For this reason, the potentials 
of the drains and the sources are shifted up (in a DC 
manner) As in the SPST switch 12 shown in FIG. 4, in 
addition to the advantage of the SPDT switch 20 shown 
in FIG. 6, an advantage that the SPDT switch 28 can be 
driven by a positive power source even when a deple- 
tion-type FET is used can also be obtained. 
[0034] FIG. 8 shows still another embodiment of an 
SPDT switch according to the present invention. In FIG. 
8, an SPDT switch 30 is constituted by a first terminal 
31 , a second terminal 32, a third terminal 33, an FET 
Q5, an induction element L7, a capacitor element C12, 
a control terminal 34, and a FET Q6 which is a switch 
element having a drain and a source serving as two sig- 
nal terminals and a gate serving as a switching terminal. 
In this case, the drain and the source of the FET Q5 are 
connected to each other in series through the induction 
element L7 and the capacitor element C1 2, and one ter- 
minal of the capacitor element C12 is connected to the 
second terminal 32. The source of the FET Q6, serving 
as one of the signal terminals, is connected to the third 
terminal 33, the other terminal (i.e., the drain of the FET 
Q5) of the capacitor element C12 is connected to the 
drain of the FET Q6 serving as the other signal terminal 
and to the first terminal 31 . The gate of the FET Q5 is 
connected to the gate of the FET Q6 serving as the 
switching terminal and to the control terminal 34. The 
capacitance of the capacitor element C12 is set to be 
equal to a small capacitance (OFF capacitance Coff3) 
of the drain-source portion of the second FET Q5 in an 
OFF state, and the inductance of the induction element 
L7 is set such that the induction element L7 resonates 
at a signal frequency in parallel with the capacitor ele- 
ment C12 or resonates in series with the OFF capaci- 
tance Coff3 of the second FET Q5. 
[0035] In this case, since the combination of the 
FET Q5, the induction element L7, and the capacitor 
element C12 has basically the same configuration as 
that of the SPST switch 10 shown in FIG. 1 , the combi- 
nation is called an SPST section 35. More specifically, it 
is understood that the SPDT switch 30 has a configura- 
tion in which the SPST section 35 having the same con- 
figuration as that of the SPST switch 10 is connected to 
the FET Q6 serving as one switch element. 
[0036] In the SPDT switch 30 as described above, 
the operation of the SPST section 35 is the same as that 
of the SPST switch 10 shown in FIG. 1, and a detailed 
description thereof will be omitted. However, as is 
apparent from the fact that the gates of the FET Q5 and 
the FET Q6 are connected to the same control terminal 
34, these FETs are simultaneously turned on or off. In 
this case, when the FET Q6 is in an ON state, the first 
terminal 31 and the third terminal 33 are connected to 
each other through a small resistance (ON resistance) 
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of a drain-source portion in the FET Q6. In contrast to 
this, when the FET Q6 is in an OFF state, since the first 
terminal 31 and the third terminal 33 are connected to 
each other through a small capacitance (OFF capaci- 
tance) of a small drain-source portion in the FET Q6, an 5 
impedance between the first terminal 31 and the third 
terminal 33 increases to disconnect the first terminal 31 
and the third terminal 33. More specifically, a path 
between the first terminal 31 and the third terminal 33 is 
turned on when the FET Q6 is in an ON state, and is 10 
turned off when the FET Q6 is in an OFF state. On the 
other hand, a path between the first terminal 31 and the 
second terminal 32 is turned off by the SPST section 35 
when the first FET Q5 is in an ON state, and is turned 
on when the first FET Q5 is in an OFF state. In this man- 
ner, a connection destination of the first terminal 31 can 
be switched to the second terminal 32 or the third termi- 
nal 33 by one ON or OFF signal applied from the control 
terminal 34. For this reason, in comparison with the 
SPDT switch 20 shown in FIG. 6, the SPDT switch 30 
requires only one control terminal. In addition, in com- 
parison with the SPDT switch 20, the number of induc- 
tion elements and the number of capacitor elements 
can be reduced by one each, and a cost reduction can 
be achieved. 

[0037] In this case, with respect to the path 
between the first terminal 31 and the third terminal 33, 
the SPDT switch 30 is a switch using a simple FET, the 
SPDT switch 30 does not achieve the same merits as 
those in the SPST switch 10 according to the present 
invention shown in FIG. 1. However, for example, when 
the SPDT switch 30 is used as an antenna switch, the 
first terminal 31 is set on an antenna side, the second 
terminal 32 is set on an RX side which must receive a 
signal having low electric power, and the third terminal 
33 is set on a TX side which outputs relatively high elec- 
tric power. The FET Q5 is turned on in a transmission 
state to conduct, the FET Q5 can be prevented from 
being damaged by relatively high electric power in the 
transmission state. More specifically, even if the tolera- 
ble voltage of the FET Q5 is small, the FET Q5 can be 
used. 

[0038] FIG. 9 shows still another embodiment of an 
SPDT switch according to the present invention. The 
same reference numerals as in FIG. 4 and 8 denote the 
same parts or similar parts in FIG. 9, and a detailed 
description thereof will be omitted. In FIG. 9, in an 
SPDT switch 36, a DC-cut capacitor element C13 is 
connected between a second terminal 32 and the con- 
nection portion between an induction element L7 and a 
capacitor element C12, a DC-cut capacitor element C14 
is connected between a third terminal 33 and the source 
of an FET Q6, and a DC-cut capacitor element C15 is 
connected between a first terminal 31 and the connec- 
tion portion between the drain of an FET Q5 and the 
drain of an FET Q6. The drain of the FET Q5 and the 
drain of the FET Q6 are connected to a bias terminal 37 
through a bias resistor Rbias. 



[0039] In the SPDT switch 36 arranged as 
described above, the sources of the FET Q5 and the 
FET Q6 are open (in a DC manner), and a direct current 
does not flow in the drain-source portions of the FET Q5 
and the FET Q6. For this reason, the potentials of the 
drains and the sources are shifted up (in a DC manner). 
As in the SPST switch 12 shown in FIG. 4, in addition to 
the advantage of the SPDT switch 20 shown in FIG. 6, 
an advantage that the SPDT switch 36 can be driven by 
a positive power source even if a depletion-type FET is 
used can also be obtained. 

[0040] In the SPDT switches 30 and 36 shown in 
FIG. 8 and FIG. 9, respectively, although FETs are used 
as switch elements, the switch elements are not limited 
to FETs. Any switch element, e.g., an electric element 
such as a transistor or a vacuum tube or a mechanical 
element such as a relay, which is turned on/off to be 
interlocked with the FET Q5 by the same signal as that 
of a control signal applied to the gate of the FET Q5, 
may be used. 

[0041] In general, in an FET, the drain and the 
source are almost symmetrical with respect to the gate, 
the drain can also be used as a source, and the source 
can also be used as the drain. For this reason, in each 
of the embodiments described above, the connection 
relationship between the drain and the source of each 
FET is not fixed, and a configuration in which the drain 
and the source are inter-changed with each other may 
be employed. With respect to a configuration in which a 
FET and a bias terminal are connected to each other, 
the source may be connected to the bias terminal, and 
the drain may be open (in a DC manner) 
[0042] FIG. 1 0 shows a block diagram of an embod- 
iment of a communication apparatus according to the 
present invention. In FIG. 10, a communication appara- 
tus 40 includes an antenna 41, the SPDT switch 20 
shown in FIG. 6, a receiving circuit 42, a transmitting cir- 
cuit 43, and a control circuit 44. In this case, the antenna 
41 is connected to a first terminal 21 of the SPDT switch 
20 used as an antenna switch, a second terminal 22 of 
the SPDT switch 20 is connected to the receiving circuit 
42, and a third terminal 23 is connected to the transmit- 
ting circuit 43. The receiving circuit 42 and the transmit- 
ting circuit 43 are connected to the control circuit 44, 
and the control circuit 44 is connected to a first control 
terminal 24 and a second control terminal 25 of the 
SPDT switch 20. 

[0043] In the communication apparatus 40 as 
described above, the control circuit 44 controls the first 
control terminal 24 and the second control terminal 25 
of the SPDT switch 20, so that the antenna 41 and the 
receiving circuit 42 can be connected to each other to 
establish a reception condition, or the antenna 41 and 
the transmitting circuit 43 can be connected to each 
other to establish a transmission condition. 
[0044] When the SPDT switch 20 according to the 
present invention is used as an antenna switch, a reduc- 
tion in loss and a reduction in power consumption of the 
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communication apparatus 40 can be achieved. 
[0045] In FIG. 10, although the communication 
apparatus 40 is arranged by using the SPDT switch 20, 
communication apparatuses may be arranged by using 
the SPDT switches 28, 30, and 36, and the same oper- 
ation as described above can be achieved. 
[0046] According to the SPST switch of the present 
invention, the drain and the source of an FET are con- 
nected to each other in series through an induction ele- 
ment and a capacitor element, one terminal of the 
capacitor element is connected to a first terminal, the 
other terminal is connected to a second terminal, and 
the gate of the FET is connected to a control terminal. 
The capacitance of the capacitor element is made equal 
to the OFF capacitance of the FET, and the inductance 
of the induction element is set to be such a value that 
the induction element resonates at a signal frequency 
with the capacitor element. With this configuration, iso- 
lation in an OFF state is increased, transmission loss in 
an ON state is reduced, high electric power can be 
passed, and the linearity of a passing signal can be 
maintained through a range of small electric power to 
high electric power. 

[0047] According to the SPDT switch of the present 
invention, when the SPDT switch is obtained using two 
of the SPST switches described above, the same 
advantage can be obtained. 

[0048] The SPDT switch of the present invention is 
connected to a switch element which is turned on/off to 
be interlocked with an ON/OFF operation of the FET of 
the SPST switch, the gate of the FET of the SPST 
switch and the switching terminal of the switch element 
are connected to the control terminal. With this configu- 
ration, the number of control terminals can be reduced 
by one, and a cost reduction can be achieved. 
[0049] According to the communication apparatus 
of the present invention, by using an SPDT switch 
according to the present invention, a reduction in loss 
and a reduction in power consumption of the communi- 
cation apparatus can be achieved. 
[0050] Although the present invention has been 
described in relation to particular embodiments thereof, 
many other variations and modifications and other uses 
will become apparent to those skilled in the art It is pre- 
ferred, therefore, that the present invention be limited 
not by the specific disclosure herein, but only by the 
appended claims. 

Claims 

1. A single pole single throw (SPST) switch (10; 12), 
comprising: 

a first (2), a second (3), and a control (11) ter- 
minal; 

a field effect transistor (Q2) (FET) having a 
gate connected to the control terminal (11), a 
drain connected to the first terminal (2), and a 



source, the FET (Q2) exhibiting an OFF capac- 
itance (Coff) from drain to source; 
a capacitor element (C4) having a capacitance 
substantially equal to the OFF capacitance 
5 (Coff) of the FET (Q2), the capacitor element 

(C4) having one end connected to the first ter- 
minal (2) and another end connected to the 
second terminal (3); and 
an induction element (L4) having one end con- 
ic? nected to the source of the FET (Q2) and 
another end connected to the second terminal 
(3), an inductance of the induction element (L4) 
being set such that it resonates with the capac- 
itor element (C4) at a signal frequency. 

15 

2. A single pole double throw (SPDT) switch (20; 28), 
comprising: 

a first (21), a second (22), and a third (23) ter- 

20 minal; 

a first (24) and a second (25) control terminal; 
a first field effect transistor (FET) (Q3) having a 
gate connected to the first control terminal (24), 
a drain connected to the first terminal (21), and 

25 a source, the first FET (Q3) exhibiting an OFF 

capacitance from drain to source; 
a first capacitor element (C7) having a capaci- 
tance substantially equal to the OFF capaci- 
tance of the first FET (Q3), the capacitor 

30 element (C7) having one end connected to the 

first terminal (21) and another end connected 
to the second terminal (22); 
a first induction element (15) having one end 
connected to the source of the first FET (Q3) 

35 and another end connected to the second ter- 

minal (22), an inductance of the first induction 
element (L5) being set such that it resonates 
with the first capacitor element (C7) at a signal 
frequency 

40 a second field effect transistor (FET) (04) hav- 

ing a gate connected to the second control ter- 
minal (25), a drain connected to the first 
terminal (21), and a source, the second FET 
(Q4) exhibiting an OFF capacitance from drain 

45 to source; 

a second capacitor element (C8) having a 
capacitance substantially equal to the OFF 
capacitance of the second FET (Q4), the 
capacitor element (C8) having one end con- 

50 nected to the first terminal (21) and another 

end connected to the third terminal (23); and 
a second induction element (L6) having one 
end connected to the source of the second FET 
(Q4) and another end connected to the third 

55 terminal (23), an inductance of the second 

induction element (L6) being set such that it 
resonates with the second capacitor element 
(C8) at a signal frequency. 
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A single pole double throw (SPDT) switch (30; 36), 
comprising: 

a first (31), a second (32), and a third (33) ter- 
minal; 5 
a control (34) terminal; 

a field effect transistor (FET) (Q5) having a 
gate connected to the . control terminal (34), a 
drain connected to the first terminal (31 ), and a 
source, the FET (Q5) exhibiting an OFF capac- w 
itance from drain to source; 
a capacitor element (C12) having a capaci- 
tance substantially equal to the OFF capaci- 
tance of the FET (Q5), the capacitor element 
(C1 2) having one end connected to the first ter- is 
minal (31) and another end connected to the 
second terminal (32); 

an induction element (L7) having one end con- 
nected to the source of the FET (Q5) and 
another end connected to the second terminal 20 
(32), an inductance of the induction element 
(L7) being set such that it resonates with the 
capacitor element (C12) at a signal frequency; 
and 

a switching element (Q6) having a first and sec- 25 
ond signal terminals and a switching terminal, 
the first signal terminal being coupled to the 
third terminal (33), the second signal terminal 
being coupled to the first terminal (31) and the 
switching terminal being coupled to the control 30 
terminal (34) such that the switching element 
(Q6) is turned on and off in synchronously with 
the FET (05). 

The single pole double throw (SPDT) switch (30; 35 
36) of claim 3, wherein the switching element (Q6) 
is a FET (Q6), the first and second signal terminals 
being either of a drain and source, and the switch- 
ing terminal being a gate. 

40 

A communication apparatus (40), comprising: 



a first induction element (L5) having one end 
connected to the source of the first FET (Q3) 
and another end connected to the second ter- 
minal (22), an inductance of the first induction 
element (L5) being set such that it resonates 
with the first capacitor element (C7) at a signal 
frequency 

a second field effect transistor (FET) (Q4) hav- 
ing a gate connected to the second control ter- 
minal (25), a drain connected to the first 
terminal (21), and a source, the second FET 
(Q4) exhibiting an OFF capacitance from drain 
to source; 

a second capacitor element (C8) having a 
capacitance substantially equal to the OFF 
capacitance of the second FET (Q4), the 
capacitor element (C8) having one end con- 
nected to the first terminal (21) and another 
end connected to the third terminal (23); and 
a second induction element (L6) having one 
end connected to the source of the second FET 
(Q4) and another end connected to the third 
terminal (23), an inductance of the second 
induction element (L6) being set such that it 
resonates with the second capacitor element 
(C8) at a signal frequency; 
an antenna (41) coupled to the first terminal 
(21); 

a receiving circuit (42) coupled to the second 
terminal (22); 

a transmitting circuit (43) coupled to the third 
terminal (23); and 

a control circuit (44) coupled to the first (24) 
and second (25) control terminals and being 
operable to provide switching signals to the first 
(Q3) and second (Q4) FETs such that the 
transmitting (43) and receiving (42) circuits are 
alternatively coupled to the antenna (41) 
through the SPDT switch (20). 

6. A communication apparatus (40), comprising: 



a single pole double throw (SPDT) switch (20), 
including: 

a first (21), a second (22), and a third (23) ter- 45 
minal; 

a first (24) and a second (25) control terminal; 
a first field effect transistor (FET) (Q3) having a 
gate connected to the first control terminal (24), 
a drain connected to the first terminal (21 ), and so 
a source, the first FET (Q3) exhibiting an OFF 
capacitance from drain to source; 
a first capacitor element (C7) having a capaci- 
tance substantially equal to the OFF capaci- 
tance of the first FET (Q3), the capacitor 55 
element having one end connected to the first 
terminal (21 ) and another end connected to the 
second terminal (22); 



a single pole double throw (SPDT) switch (30), 
including: 

a first (31), a second (32), and a third (33) ter- 
minal ; 

a control (34) terminal; 

a field effect transistor (FET) (Q5) having a 
gate connected to the control terminal (34), a 
drain connected to the first terminal (31), and a 
source, the FET (Q5) exhibiting an OFF capac- 
itance from drain to source; 
a capacitor element (C12) having a capaci- 
tance substantially equal to the OFF capaci- 
tance of the FET (Q5), the capacitor element 
(C12) having one end connected to the first ter- 
minal (31) and another end connected to the 
second terminal (32); 
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an induction element (L7) having one end con- 
nected to the source of the FET (Q5) and 
another end connected to the second terminal 
• (32), an inductance of the induction element 
(L7) being set such that it resonates with the 5 
capacitor element (C12) at a signal frequency; 
and 

a switching element (Q6) having a first and sec- 
ond signal terminals and a switching terminal, 
the first signal terminal being coupled to the 10 
third terminal (33), the second signal terminal 
being coupled to the first terminal (31) and the 
switching terminal being coupled to the control 
terminal (34) such that the switching element 
(Q6) is turned on and off in synchronously with 15 
the FET (Q5); 

an' antenna (41) coupled to the first terminal 
(31); 

a receiving circuit (42) coupled to the second 
terminal (32); 20 
a transmitting circuit (43) coupled to the third 
terminal (33); and 

a control circuit (44) coupled to the control ter- 
minal and being operable to provide switching 
signals to the FET (Q5) and the switching ele- 25 
ment (Q6) such that the transmitting (43) and 
receiving (42) circuits are alternatively coupled 
to the antenna (41) through the SPOT switch 
(30). 

30 

The communications apparatus (40) of claim 6, 
wherein the switching element (Q6) is a FET (Q6), 
the first and second signal terminals being either of 
a drain and source, and the switching terminal 
being a gate. 35 
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